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127 GENERALIZED DEFICITS IN VIBRATORY PERCEPTION IN
OSTEOARTHRITIS (OA) OF THE LOWER EXTREMITY
N. Shakoor, K.J. Lee, R.A. Mikolaitis, J.A. Block. Rush Medical College,
Chicago, IL, USA
Purpose: Sensory deﬁcits, including proprioception and joint kinesthesia,
as well as vibratory loss (Arthritis Care Res ’08), have been reported
in knee OA. The pathophysiologic role of these deﬁcits is unclear; it is
possible either that OA-mediated joint destruction leads to these deﬁcits
or, conversely, that pre-existing sensory deﬁcits increase the risk for
developing knee OA. Here, we compare the vibration perception threshold
(VPT) at the upper and lower extremity of subjects with knee OA or hip
OA to subjects without OA, to test the hypothesis that lower extremity
OA is associated with generalized vibratory deﬁcits in both the upper and
lower extremities.
Methods: 67 subjects with knee OA and 14 subjects with hip OA were
compared to 22 age-matched control subjects without OA. VPT was
assessed using a biothesiometer operating at a frequency of 120Hz.
Five sites at the lower extremity (ﬁrst metatarsophalangeal joint (mtp),
medial malleolus, lateral malleolus, medial femoral condyle, and lateral
femoral condyle) were evaluated. In addition, 43 of the knee OA, 12 of the
hip OA, and 14 of the normal subjects had VPT evaluated at the radial
head. At each site, the biothesiometer was initially set at “0” volts and the
voltage output increased by 1 volt/second. The subjects were instructed to
comment upon their ﬁrst sensation of vibration and this voltage was noted
as the VPT. VPTs were repeated twice at each site and a mean value
recorded. The intraclass correlation coefﬁcient (ICC) between initial and
repeat testing on separate days was 0.96 to 0.99. Independent samples
t-test was used to compare VPT of OA subjects with normals. Linear
regression was used to evaluate the effects of age and body mass index
(BMI) on the results; p< 0.05 was considered signiﬁcant.
Results: The mean age (±SD) of the knee OA subjects was 57±11 yrs,
hip OA subjects 63±9 yrs, and normal subjects was 57±9 yrs (p = 0.162).
VPT was signiﬁcantly increased at all 6 sites, including the radial head,
in the OA subjects compared to controls (Table). These results were
indepedent of the effects of age and BMI. There were no signiﬁcant
differences at any site between the knee and hip OA groups.
Table. VPT values
1st MTP Medial
Malleolous
Lateral
Malleolous
Medial
Femoral
Condyle
Lateral
Femoral
Condyle
Radial
Head
Knee OA
(VPT±SEM)
15.3±1.2* 19.6±1.3* 19.5±1.2* 24.1±1.2* 24.8±1.2* 10.5±0.7*
Hip OA
(VPT±SEM)
14.1±1.2* 17.4±2.5* 18.8±2.4* 20.6±2.3* 25.9±2.5* 9.8±0.7*
Controls
(VPT±SEM)
6.7±0.5 11.2±1.1 9.7±0.9 14.6±1.5 18.0±1.8 7.6±0.5
*p< 0.05 compared to normals
Conclusions: This study demonstrates that vibratory sense deﬁcits are
present in lower extremity OA, including both knee OA and hip OA. Inter-
estingly, signiﬁcant vibratory deﬁcits are detectable in the upper extremity
in both knee OA and hip OA relative to normals; this suggests that
lower extremity OA involves a generalized process affecting distant and
clinically uninvolved sites, and is not merely a local degenerative disease.
Further study is necessary to characterize this process and to elucidate
the relationship of these deﬁcits to other sensory deﬁcits observed in OA,
and their collective role in the neuromechanical pathophysiology of lower
extremity OA.
128 RELATIONSHIPS BETWEEN KNEE JOINT LOADS AND
MOMENTS DURING WALKING FOLLOWING WEIGHT LOSS
IN OBESE OSTEARTHRITIS PATIENTS
J. Aaboe, M. Henriksen, H. Bliddal. The Parker Institute, Frederiksberg,
DENMARK
Purpose: The role of gait biomechanics, in particular knee joint loads,
in knee OA progression is well established. The external knee adduction
moment have been shown to be determinate of medial joint loads and
disease progression. Consequently, the adduction moment has been
used as a proxy for joint loads. Load reduction in the form of weight
loss has been proven effective against knee OA, and is recommended
as treatment of choise among non-surgical interventions. It is however
unknown if weight loss affects the adduction moment magnitude, and
if the changes in adduction moments are related to changes in medial
compartment joint loads. Accordingly, the purpose of this study was to
investigate the effects of weight loss on medial compartment joint loads,
knee joint moments during loading response of the gait cycle, and their
relationship in obese knee OA patients.
Methods: 16 overweight (BMI> 30) patients with symptomatic knee OA
were studied. Three-dimensional gait analyses were done before and
after a 16 weeks dietary intervention. The patients were analyzed at their
self-selected comfortable walking speeds. Joint moments were calculated
using standard inverse dynamics, and medial compartment loads were
estimated using a previously published statically determinate knee model.
Results: The mean baseline body weight was 101.4 kg (SD 3.5). After
the intervention the mean body weight was 88.0 kg (SD 2.6) and the
average weight loss was 13.5 kg (SD 5.3). There were no changes in
walking speed. The weight loss signiﬁcantly reduced the absolute medial
compartment loads and joint moments (see table 1). When the data was
normalized to body weight, no signiﬁcant differences were observed.
At baseline and follow-up there were signiﬁcant correlations between
peak medial compartment loads and peak internal extensor moments
(baseline: r = 0.75, P< 0.001; follow-up: r = 0.86, P< 0.0001). Similar cor-
relations were found between peak medial compartment loads and the
peak external adduction moment (baseline: r = 0.74, P< 0.001; follow-up:
r = 0.82, P< 0.0001).
There was no correlation between changes in medial compartment loads
and changes in the external adduction moment (r = 0.26, P=0.32, see
ﬁgure 1). Nor were there correlations between changes in body weight
and changes in joint moments (add.: r = −0.007, P=0.76; ext.: r = 0.00,
P=1.0, see ﬁgure 2A and 2B). There was a signiﬁcant correlation be-
tween changes in medial compartment loads and changes in the internal
extensor moment (r = 0.83, P< 0.0001, see ﬁgure 3).
Conclusions: These data conﬁrm that weight loss signiﬁcantly reduces
knee joint loads during walking, and that peak external adduction moment
can be used as a proxy for medial compartment loads in cross-sectional
studies. The results also show that medial compartment loads can be
assesed using peak internal extensor moments as proxy. However, the
main ﬁnding is that changes in medial compartment loads following weight
loss are closer related to changes in peak extensor moments than in peak
adduction moments. While joint loads are reduced following weight loss,
the present results may imply that interventions aiming at reducing the
adduction moments should be administered as well.
Table 1
Absolute reduction P Normalised reduction
(bodyweight
normalization)
P
Peak medial compartment loads 505.0N (SD 103.0) <0.0001 0.4N/kg (SD 1.0) 0.70
Peak extensor moment (internal) 22.1Nm (SD 7.4) 0.007 0.1Nm/kg (SD 0.1) 0.22
Peak adduction moment (external) 10.5Nm (SD 1.9) <0.0001 0.0Nm/kg (SD 0.0) 0.13
Figure 1.
Figure 2.
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129 FOOTWEAR DESIGN AFFECTS DYNAMIC KNEE LOADS IN
OSTEOARTHRITIS (OA) OF THE KNEE
N. Shakoor, M. Sengupta, R.H. Lidtke, L.F. Fogg, J.A. Block. Rush
Medical College, Chicago, IL, USA
Purpose: The onset and progression of knee OA are known to be asso-
ciated with high dynamic loading of the knee, as assessed by the peak
external knee adduction moment (PAddM). We recently demonstrated
that in OA of the knee, walking barefoot signiﬁcantly decreased the
PAddM compared to the subjects’ own walking shoes (Arthritis Rheum
54:2923, ’06). These data suggest that footwear may signiﬁcantly affect
joint loads at the knees. However, speciﬁc properties of footwear that may
be associated with increased joint loading are not clear. We hypothesize
that shoe ﬂexibility is an important load reducing feature. Here, we directly
test the effects of several types of common footwear in addition to
speciﬁcally, the role of footwear ﬂexibility on dynamic knee loading in
OA of the knee.
Methods: 30 subjects with radiographic (Kellgren Lawrence grades: 20
grade 2 and 10 grade 3) and symptomatic (at least 30mm pain on
a 100mm scale while ambulating on a ﬂat surface) knee OA under-
went gait analyses using an optoelectronic camera system and multi-
component force plate. Subjects were evaluated for gait while wearing
(1) ﬂat walking shoes and (2) the same ﬂat shoe modiﬁed by cuts in the
sole to promote increased ﬂexibility, (3) ﬂip-ﬂops, (4) supportive “stability”
shoes (Brooks Addiction), (5) Dansko clogs and (6) barefoot. Subjects
walked at their normal walking speed, and comparisons were performed
on runs matched for speed. Subjects were permitted to acclimate to
each new condition prior to gait testing. The PAddM (%body weight ×
height, %BW×ht) was calculated and represented the primary endpoint.
PAddMs with each shoe type were compared to those during barefoot
gait using repeated measures analyses of variance with post-hoc paired
contrasts used to compare individual shoe types, p< 0.05 was considered
signiﬁcant.
Results: 20 females and 10 males were evaluated, with mean age (±SD)
of 60±10 years. Overall, there were signiﬁcant differences in the PAddM
between the different footwear conditions (p< 0.001) (Table). The highest
PAddMs were associated with the stable, supportive footwear, the clogs
and stability shoes. Both these shoes had signiﬁcantly higher PAddMs
than barefoot as well as both walking shoes and ﬂip ﬂops (p< 0.05). The
ﬂat walking shoes (without sole cuts) was associated with signiﬁcantly
higher PAddM than barefoot walking (p = 0.042) as well a signiﬁcant 4%
increase in the PAddM compared to the similar shoes with sole cuts
(p = 0.034). There were no signiﬁcant differences in PAddM between the
ﬂat walking shoe with sole cuts, ﬂip-ﬂops, and barefoot walking.
PAddMs during different footwear conditions
Flat shoe Flat shoe
with sole
cuts
Stability
shoe
Clogs Flip Flops Barefoot
PAddM (mean±SD)
%BW×ht
2.76±0.65 2.65±0.71 2.94±0.71 3.02±0.67 2.66±0.76 2.65±0.69
p-value
(compared to barefoot)
0.042 0.993 <0.001 <0.001 0.829
Conclusions: In light of previous studies which demonstrated that high
heels are associated with increased peak knee loads, these data conﬁrm
that shoe design is a critical feature of dynamic loading at the knee.
Furthermore, although several features of footwear may affect loading,
this study demonstrates that shoe ﬂexibility is an important load-reducing
feature of footwear. Large prospective studies are necessary to assign
clinical signiﬁcance to these ﬁndings, however, it appears that ﬂat, ﬂexible
footwear are biomechanically advantageous, in terms of knee loading.
These ﬁndings are particularly relevant in knee OA, where dynamic joint
loads are known to be related to pain and disease progression.
130 RELATIONSHIP OF REGIONAL ADIPOSITY TO KNEE JOINT
LOADS IN KNEE OSTEOARTHRITIS
S.P. Messier1, C. Legault2, C. Davis2, S. Khajanchi1, P. DeVita3,
R. Loeser2, J. Carr2, B. Nicklas1. 1Wake Forest University, Winston-
Salem, NC, USA, 2Wake Forest University School of Medicine,
Winston-Salem, NC, USA, 3East Carolina University, Winston-Salem,
NC, USA
Purpose: The NIH Obesity Research Task Force recently highlighted
understanding the different mechanisms of various fat depots in causing
serious health conditions as a major goal. Our purpose was to determine
the independent associations between abdominal and thigh fat depots
and knee joint loads in older adults with knee osteoarthritis.
Methods: Baseline data from a subset of participants (183 out of 450)
enrolled in the Intensive Diet and Exercise for Arthritis clinical trial were
utilized for this study. Abdominal (total, intermuscular, subcutaneous,
visceral) and thigh (total, intermuscular, intramuscular, subcutaneous)
fat depots were quantiﬁed in nearly half the subjects (N=62) using
computed tomography (CT). Knee internal knee moments, knee-joint
forces (N=183), and quadriceps, hamstring, and gastrocnemius forces
were calculated using a 3-D gait analysis with a 37-reﬂective marker
set arranged in a Cleveland Clinic full-body conﬁguration, a 6-Camera
Motion Analysis System set to sample data at 60Hz, and a torque-driven
muscuoloskeletal model (DeVita). Linear regression models were ﬁtted
for each kinetic outcome variable controlling for gender, BMI and walking
speed.
Results: After adjusting for BMI, gender, and walking speed, thigh total
fat, thigh subcutaneous fat, abdominal total fat, and abdominal subcuta-
neous fat were signiﬁcantly associated with knee compressive forces. A
decrease in fat resulted in lower knee compressive forces.
Knee compressive forces and fat regions
Fat Region b (SE) P-value
Thigh total fat 0.945 (0.466) 0.05
Thigh subcutaneous fat 0.995 (0.469) 0.04
Abdominal total fat 0.185 (0.063) 0.01
Abdominal subcutaneous fat 0.202 (0.081) 0.01
Similar results were obtained for A-P shear forces, patellofemoral com-
pressive forces, and quadriceps muscle forces. Thigh intermuscular fat,
abdominal intermuscular fat, and abdominal visceral fat were not sig-
niﬁcantly associated with any of the knee joint forces. Hamstring muscle
force was not signiﬁcantly related to any thigh or abdominal fat measures,
and gastrocnemius force was only related to abdominal subcutaneous fat.
Conclusions: It is well known that obesity is a major risk factor for knee
OA. These data suggest, for the ﬁrst time, that regional fat depots also
inﬂuence knee joint loads independent of BMI, in particular, thigh and
abdominal subcutaneous fat depots.
Bone Biology
131 PERI-ARTICULAR OSTEOPHYTES ON THE UPPER AND
LOWER EXTREMITIES OF JAPANESE SKELETONS
T. Tsurumoto, H. Shindo. Nagasaki University, Nagasaki, JAPAN
Purpose: Peri-articular osteophytes emerge with ageing and develop as
the pathological condition of osteoarthritis (OA) progresses. These osteo-
phytes enlarge the surface areas to diminish the mechanical stress on the
joint, however, these osteophytes also tend to restrict the range of motion
and cause local irritation and pain. Peri-articular osteophytes emerge by
enchondral ossiﬁcation of ﬁbrous cartilage at the synovial bone-cartilage
junction. Unfortunately, there have been few studies demonstrating the
epidemiological ﬁndings of these osteophytes in humans. In this study,
peri-articular osteophytes formed around major joint surfaces of the upper
